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ABSTRACT

This research contribution presents a usage manual for an [BM 7090 computer
program. The programemploys a Monte Carlo simulation todetermine the prob-
ability of destroying individual point targets within a target complex with one or
more groups of weapons, It is assumed that the groups are delivered with a
bivariate normal aiming error and that the individual weapons are distributed
with an independent bivariate normal ballistic dispersion, The program is
designed for conditional damage data for fragmentation generated by an IBM 7090
program furnished by the U.S. Naval Ordnance Test Station (NOTS), China Lake.
A flow chart, alisting of the FORTRAN program and a sample problem are included.
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I. INTRODUCTION

Prcvious OEG computer programs (reference (a)) determine the probability
of destroying rectangular or line targets with a single group of weapons delivered
with a bivariate normal aiming error, and consider the individual weapons to be
distributed about their mean points of impact within the group with a bivariate
normal ballistic dispersion. This program determines the probabilities of des-
troying stationary individual point targets at various locations within a target
complex with on¢ or more groups of weapons - making the same assumptions
regarding aiming crror and ballistic dispersion as were made in the previous
programs.

In considering the destruction of point targets, a conditional damage function
is required. The conditional damage function is defined in reference (b) as a
function which gives the probability that a target which is located at a particular
range and bearing from the weapon detonation point will suffer at least the stated
degree of damage. Analytical functions which are often used to approximate con-
ditional damage functions are a definite -range (cookic -cutter) function or a
Gaussian function (these functions are described in detail in reference (b)). Neither
of these are completely adequate however, for describing the effects of frag-
mentation on a point target. Therefore, this program has been designed to usce
the output of the IBM 7090 warhcad lethality program written at the U.S. Naval
Ordnance Test Station (NOTS), China Lake. The NOTS program provides,for
each 5 degree sector around the weapon, the average probabilities of destroying
a target located within small cells at various radii from the detonation point. It
should be noted that the design of the program does not preclude the use of a cookic -
cutter or Gaussian conditi-aal damage function if the probabilities are determined
for cells at the proper radii (explained in a later section of this yesearch con-
tribution foer cach 5 degree segment).

II. GENERAL DESCRIPTION

This program is a Monte Carlo simulation for use on the IBM 7090 computer.
It determines the probabilitics of destroying individual point targets within a target
complex on the basis of the following assumptions:

a. The aiming error and the ballistic dispersion are bivariate normal, and
are independent in the same coordinates, hereafter called the range and deflection
coordinates (the names applied to these coordinates result from a common appli-
cation of the model to bombing problems in which the range coordinate is in the
direction of the flight of the aircraft and the deflection coordinate is normal to
the flight path in the horizontal plane).

b. There is no cumulative damage effect, i.e., the probability of destroying
the target with an individual weapon is independent of the number and locations
of other weapons impacting in the vicinity of the target. For fragmentation effects
this assumption is not rigorously valid since the damage criterion is often stated
as somc minimum number of fragments per unit area with at least a minimum
energy impacting on the target. Thus, even if the number of fragments impacting
on the target from any one of the weapons might be less than the number specified



by the damage criterion, the sum of the fragments from two or more weapons
might exceed the minimum number.

c. The conditional damage function is symmetrical about the range coordi-
nate through the weapon.

Limiting inputs to the program are:

a. Number of targets, 100.

b. Number of weapon groups, 10,

c. Number of weapons per group, 100.

d. Number of conditional damage function cells per 5 degree sector, 100,
(Corresponding to a maximum radius of effect of 3,920 feet).

The conditional damage data must be provided for cells at various radii from
the weapon for each 5 degree sector. The cells - except for the innermost - are
made approximately square in shape by selecting the outer radius of each cell
to be equal to the inner radius times the factor (1 + sin 5°). The outer radius of
the inner cell for each sector is equal to 1 foot (see figure 1). The value of the
conditional damage function is taken as 1 when the radius is less than 1 foot,
i.e., for all of the inner cells. The individual cells are denoted by a pair of
subscripts, k!, where k refers to the kth sector numbering from the tail of the
weapon and 1 refers to the 1th cell in a given sector numbering out from the
weapon. The program accepts the NOTS output, in which angles are measured
relative to the bomb tail as shown in figure 1. All angles calculated in the
program however, are measured from the bomb nose, positive direction counter-
clockwise; but because of symmetry about the range coordinate of the bomb,
values of the conditional damage function for angles that are measured from the
bomb tail can be equated by a simple scheme to angles that are measured from
the bomb nose; i.e., a cell having a 10 degree angle measured from the bomb
nose would have the same conditional damage value as the corresponding cell
in figure 1 having the 175 degree angle.

In addition to the parameters specifying the weapon effects and aiming and
ballistic dispersions, the program inputs consist of parameters specifying the
target locations, the angle of approach to the target for the delivery of each
group of weapons (measured from the X-axis to the R-axis - see figure 2), the
reliability of the individual weapons, scale factors to shrink or expand the
weapon patterns, the number of dummy passes through the random number
generator and the number of Monte Carlo iterations to be made.
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METHOD Cif SOLUTION

The inputs for the program consist of the following parametors:

Address” Symbol
N
a1 Nep
3 :
L2 NG
1,1, 3 I
1,4, 4 n
. 4.5 NC
L ® 2
o b 7 AR
1, 4,8 AD
9 -
iy BR
) .
I, 8, BD
BeE B | GR
= .
i, 4, 12 Gy

1, 5, 1...1,%5,30 A
1, 6, 1...1,6,300 X
m
L, 7, B...0,7,000 ¥
m
2,04, 1...2,0,9800 ARij

Z

z,10,1...2,10, 100

FORTRAN Labc!

NT
NG

MCI
NEP

NC

REL
SIGR

SIGD
BR
BD
GR
GD
N(I)
ALPHA(ID)
AX(D)
AY(D)
X(M)
Y(M)

DELR(L, J)

Description
Number of targets
Numbcer of weapon groups

Number of Monte Carlo nerations
Number of empty passes through
random number gencrator
Number of damage probability
conrours

Weapon reliabihity

Range aiming ¢iror, standard
deviation

Deflection aiming error, standard
deviation

Range ballistic dispersion,
standard deviation

Deflection ballistic dispersion,
standard deviation

Range scale factor for weapon
group

Deflection scale factor for
weapon group

Number of weapons in ith group

Angle of approach for delivery
of ith group (degrees), 0 o <360

Aiming point of ith group X-
coordinate

Aiming point of ith group Y-
coordinute

Target location of mth target,
X-coordinate

Target location of mth target,

Y -coordinate

Aimpoint range displacement of
jth weapon of ith group from group
aiming point

¥Thc paramcter addresses arce explained in section IV, User's Instructions.




Address Symbol FORTRAN Label Description

3,1,1...3,1,100 AD ' - DELIXL]) Eomt deflecnon displacement
. Y of jth weapon of ith group from

group aiming point

3,10 1...3,10,100
4,1,1...4,1, 100 C C(K, L) Probability that a target located
: in the kth 'sector of the 1th annulus
is destroyed

L]

4,36,1...4,36, 100

Values for addresses 4, 1, 1 through 4, 36, 1 need not be entered by the user
since the program itself sets these values to 1.0. The user may, however, enter
whatever values he wishes for these cells and they will be used by the program.

The program flow chart and FORTRAN statements are included as appendixes
A and B. The solution is obtained in the following manner:
1. Before starting the first iteration for the first data set, n dummy passes

are made through the random number generator (see appendix C). Thus, if the
same data are run more than one time, a new set of random numbers can be
selected for each run.

2. Tor each weapon in each group, the displacement from the group
reference point (AR, AD) is adjusted with the scale factors (GR, GD) to spread

or shrink the pattern:

$: =Gror. (1)
ij ij

Gp &p (2)
ij

3. For each Monte Carlo iteration;

ij

A. Given the group aimpoint (AX1’ AYi)’ the standard deviations of aim

error (CAR, OAD)’

mal distribution (zero mean and unit variance) and the approach angle a; the

two random numbers (n 1’ n2) selected from a standard nor-

coordinates for the pattern impact reference point relative to the X, Y axes are
determined for each group:

Rxl AX.I Ny AR €OS @+ 10y 0y sin @ (3)




and for 0 <R <, 1=1
R 2] 1= dnR 42 (10)
’ In(1 + sin 5°)

(where [x] is defined as the largest integer less than or cqual to x).

F. From the conditional damage data for the kith cell, Ckl gives the

probability that the mth target is destroyed by the ijth weapon. Given the
reliability (® ), the probability that the mth target is destroyed by at least one of
the weapons is:

N N
=3 _ 16 (1 -Rc,..) (11)
tm= 1T T Kl
i=1 =1 '

4, The Monte Carlo iteration is repeated (i) times and the values of th

are accumulated for each target. At the conclusion, the estimate of the proba-
bility of destroying each target is determined by:

I
Lt |
_ N=1 n
P, = o (12)

IV. USER'S INSTRUCTIONS

An OEG Subroutine, 1-63S, called DATA (see appendix E) is used to read
the punched card data sets into the computer. A feature of this subroutine is
that data are identified and stored in the computer memory through the use of
addresses that are the subscripts of the internal data array.

The addresses shown in section III are punched into cards together with
the values of the parameters stored at those addresses. A data form which
contains the addresses and parameter values is shown in section V for the sample
problem. Any number of successive data sets may be submitted at one time
as long as the data sets are separated by one blank card and the last data set
in the pack is followed by two blank cards. Successive data sets may contain
cards for only those parameters that have values different from the preceding
data set.

V. SAMPLE PROBLEM

Four targets located at (1, 2), (3, -3), (-1,1) and (-2, -1) are to be attacked
with two groups of weapons of two eacn. Each weapon has a "cookie-cutter"
damage function with a radius of effect of 1. The standard deviations of aim
error arc 3 in thr range coordinate and 1 in deflection. The ballistic dispersion




R.. = A,.+n, ~ sine, -n, - COS G, (4
Yi 1 i i

B. For cach weapon in the group, the group impact reference poimnt
o5 ), the weape isplacement 1ro Creference pomnt o
(RXl RYI)' the weapon displacement 1rom the reference poin “Rl_l 6|)l.l)

the standard deviations of ballistic dispersion ( ‘BR’ , two standard normal

Bl))
random numbers (n‘, n4) tor cach weapon, and the approach angle oy the

coordinates of the weapon impact pont relative to the X, Y axes are dotermined:

XiJ 23 RXi + (n] ",BR + GRU) COs Ui + (ll2 .BD + & Dij) sin Ul (3)

Yij = RYi + (nl Rt OR.U.) sin - (n2 vp * bl)ij) cos o, (6)

=12, ..., \)

C. For cach target, the separation distance (squared) from cach weapon is
determined using the target location (Xm, Ym) and the weapon impact points

2 _ 2 A
i —(Xij xm) +(Yij \m) )

] " . . 2 . .
D. If the square of suparation distance, R, is less than the square of

maximum radius of cffect of the weapon, Rgmx , the relative bearing of the

target from the weapon is determined using an OEG Subroutine, ACOSD (scc
appendix D).
STl - Y.
= I s o e A m__ij |

(8)

E. The conditional damage concour cell numbers, k and 1, are then
determined as follows:

for 0° - ¢ <57, k=1
5 - 12107, k=2 )

175° - 5 < 180°, k = 36




Is T range and 0.5 i dertection. The reliabihity of the weapons s 008,

The conters of both groups are ammed at the origim of the x=voaves (00) and the
wedapons are spaced along the range coordinate 2 units apart. One group s
debvered at an angle of 30 1o the v-axis, the other at an angle of 130 to the
X-aXIis,

y
R (1)
R(2) - P
>
o / e
¥ ; X
—
¥ [N X
' N \\
\ S e Tcrget
B“) 3 X Weapon aimpoint

FIG. 3: SAMPLL PROBLIIM
The input data arc shown on the attached sample data form.
VI. KEYPUNCH INSTRUCTIONS

Keypunch instructions for the usce of DATA Subroutine, 1-63S, arc con-
tained in appendix E.

Vil. OPERATOR'S INSTRUCTIONS

Run undcr control of the Bell System on the IBM 7090,  No special instructions.




VIII. TIMING

This program requires approximately:

Ne
TéO X NT xIx Ni seconds
i=1

where
NT = number of targets
I = number of Monte Carlo iterations
N
EG N. = number of weapons in all groups summed.
=1 !
10




e

Coati-, TA<G S aLAPCN LALLPY
1 & 2
RANGE
AIMING ERROR, FEET 3.0
BALLISTIC C(RRUR, FEET 1.0
GRCUP SCALE FACTOR 1.0
GCkGCUP ALMING PUINTS
ANUFBER 4
1 k. 0.
2 Ce O.
GROUP WEAPCN
NUMBER NUMB ER
1 1
1 2
2 1
2 2

re R Gzct INPUTS

ITERATIONS RELIABILITY RANDOM NUMBER PASSES

3000 0.8CCO 116

DEFLECTION

-0 e
OoOwo

APPROACH ANGLE, NUMBER OF
DEGREES WEAPONS

30.0 2
150.0 2

AIMPCINT DISPLACEMENTS, FEET

RANGE CEFLECTION
1.0 0.
"l o() 0.
0
1.0 pl
= lo 0

11




LN N -

12

l
l.CeCCe
l.CLLUG
1.CLCCH
1.CLCCU
1.CCCCO
l.CGoLu
t.CCCCLO
l.CCCCU
1.CCCnO
1.COGLC
l.0CCuO
l.CCLCO
1.CCLCU
1.00000
l1.GCCCO
1.CCCCO
1.€CCCOO0
1.00000
1.00CG0O
l.Cccoc
l.Cccoo
1.00000
1.00C00
L.CCcCCo
1.CocCoo
1.00000
1.00C00
1.CCCOO
1.00000
1.00000
l.0CC0O0
1.CCCOO
l.Cucoo
1.00000
1.C0C00
1.C0C00

CeSTRUCTION PROBABILITY CONTUURS




TARGLTY LCCATIUNS KILL

NUMBLR X Y PRLBABILITY
1 1.0 2.0 0.118
2 3-0 _j.C ().C')‘J
3 —lo() ICC 00(39
4 -Z.O '1-0 0.[84




CNA COMPUTER DATA SUBMITTAL FORM

Submitted by: M_ﬂ__m- e —————— Date: -LW/ .
_’(M_,___ Classification __&‘4_ '

Program No. “/S5-¢& 3 P Est. Time __ %

Special Instructions:

14

T = ol T
Address Value Address | Value } Address Value Address Value
R ! B . S
L2/ < _WLe/ e e
o] 2 Ju7/) 2 _ -
L4 3] Booo |16 3 Sp —
129w N9 -3 -
///‘5/ _/ 4//.61'5 '/ o =R
L4 6 7 1.,//_.2'51 / ,; P —
427 3 46¥, -2
AL SRV A SR
»—//—/1_9._0. / "924 / + / : TI
4470 S V4 S~ S| N
l/’// /_._HF>2_14"2/*_ .-'/ —
|
44 /R / Sk, =L 4
42,/ =) 2,2/ /o]
13/ Jo  |I<L/ O S
/L / o _ |22 =/ 1.
A O |32l O i
Lo 2. || — | b —
432 /S5O — |6 — | -
LAL| O -~ e
/J:d& 0 & = -J__-._J..__
NOTES:
1. A value of zero must be entered as 0, not left blank.
2. Decimal pts. may be omitted if understood to follow the rightmost digit.
3. The value 3X 10‘5 may be entered as .00003 or 3-5, not as 3 X 10-5.
4. The factor portion of a value may not contain more than 8 digits.
S. The exponent portion of a value must lie within the range +39.
6. Exponents may be omitted if zero. If not, they must be signed.
7. Blank cards should be indicated by: - b




References: (a)

(b)

NAVWAG Interim Research Memorandum, NIRM-12; "Usage
Manual for a Computer Program to Compute the Effectiveness
of Groups of Weapons against Rectangular and Line Targets”
Unclassified 11 Dec 1959

OEG Study 626, "Probability-of -Damagc Problems of Frequent
Occurrence” Unclassified 11 Dec 1959
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APPENDIX A

FLOW CHART
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PROGRAM LISTING
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DIMENSION D(4,36,100)s DELR(10,100), DELD(10,100}, P(100), Q(100),
17T¢(100), X(100), Y{(100)s, N(10), ALPIIA(L10)., AX{(10)s AY(10), COSA(10)
29 SINA(10)s RN(2)sClA,+364,100)eLLL10) '

EQUIVALENCE (DeC)e(D(T721)+REL)«(D(BBES)sSIGR)+(D(1009),SIGD).,
1(D(1153)eBR)(D(1297)4HD)(D(1441),GR)(D(1585),GD)

DO t0 [=1,14400

10 D(1)=0.,0
CO 15 K=1,36
15 C(a:K,1)=1.0

REL=1.0

GR=1.0

GD=1.0

NG=1

20 CALL DATA (C,4.,36,100,IND)

IF (IND-1) 30,420,20

30 NT=D(1,1,1)

NG=D(1+41,2)

¥C1=0(141,3)

NEP=C(lsl,4)

NC=0(1+1,5)

ATERM=]1 ., 0+S INDF(5.0)

NCX=2® (NC-1)

RMAXSQ=ATERMEENCX

IF (NEP) 41,441,135

35 COC 40 =1 NEP

80 CALL GRNUM3 (CumMmy)
D(ls144)=0.0

41 DO 4S [=1,NG

N({(1)=D(1.,2,1)

ALPHA(T)=D(1,3,1)

AX(1)=D(1.4,1)

AY(I)=C(1s5,41)

II=N(1)

DO 4S5 Jy=1,l11
DELR(I42)=D(241,4)

4SS DELDI(1+J)=D(3,1.J)
PRINT SO

S0 FORMAT (1H1, 38X, 4lHC O ¥ P L F X TARGET I NP UTS)
PRINT 51

S1 FORMATY (//7713%Xe BHCONTOURSs SXe THTARGETS, SXs 13IHWEAPON GROUI’'S,
1 5Xy 1OHITERATIONS, SXs 1I1HRELIABILITY, SX, 20HRANDONM NUMBER PASS
2ES) 5
PRINT S2, NCs NTy, NGy MCIes REL,s NEP

52 FORMAT (//15Xe I8¢ 9Xs 130 12Xe 12¢ 13Xs IS¢ 10Xe F6e8s 1S5Xe D)
PRINT S3

S3 FORMAT (///7762XSHRANGE 4 15X 4 1OHDEFLECTION)
PRINT S4, SIGR, SIGD

54 FORMAT (//10X. 1BHAIMING ERRORs FEFT.13Xe FEels 17Xe F6al)
PRINTY S5, BR, 0D

55 FORMAT (10X, 21HBALLISTIC ERROR, FEFT,10X, F6els 17Xs Fb6el)
PRINT S6+ GRs GD ]

56 FORMAT (10Xe+ 18HGROUP SCALE FACTOR,13X, Fb6a.lo 17Xs F6el)
PRINTY 57

S7 FORMAY (///777712%s SHGROUP,414X, 13HAINMING POINTS,11Xe L1SHAPPROACH

LANGLE o + 9Xe 9HNUMBER OF)

PRINT S8 .

S8 FORMAT (12X, 6HNUMBER, 11X, 1HX, 15X, 1HY, 13X, 7HDEGREES, 14X,
17THWEAPONS)

PRINT 59




. S59

60
6t
62

6

64
65

67
68

69

70

71

72

73

T4
75

76

80

90

95

100

110

120

130

FORMAY (1HO)
00 60 I=1.NG

PRINT 61. 1o AX(1)e AYII)e ALPHA(I). NI(1)

FORVMAT (13Xe 12¢ 11lXe FbOalse 10Xe FOole 12Xe FSele 16X. (3)
PRINT 62
FOHRMAT (1H]l . 12X, SHGROUP, 77X, 6HWLAPON, 66X, 28BHAINMPOINT DISPLACEM

1ENTS, FEET)

PRINT €1

FORMAT (13X ¢ 6HNUMBER ¢6X ¢ 6HNUMRER 49X ¢ SHRANGE ¢ 7X o |l OMDEFLECTION)
PRINT 59

DO 64 [=1,NG

PRINT 9

II1=N(1)

DO 64 J=1,11

PRINT 6S,1s Js DELR(IsJS)e OFLD(IL )
FORMAT (148X, 124 99X, [3s 99Xy, FOels 99X,
NCP=NC

JL=-9

Ju=0

IF (NCP-10)
JU=JUSNCP
NCP=0

GO TC 70
JU=JU+10
NCP=NCP-10
JL=JL+1O0
PRINT 71
FORMAT (1HI,
LL(1)=0L

CO 72 1=2,10
LL(l)=LL(I=-1)¢]

LLL=JU-JL #+t

PRINT 73, (LL(I)sI=1,LLL)
FORMAT (1HUs 10Xe 1HK, &X,
DO 74 ¥kK=1, 36
PRINT 79, KK,
FORMAT (10X, 2,
IF (NCP) 76476,67
NIT=0

CO HO [=14NT
Q(1)=0.0

CO 30 I=1«NG
COSA(1)=COSCF(ALPFrA(I1))
SINA(I)=SINCF(ALPHA(IT))
JI=N(1)

DO 90 J=1.4J
DELR(1+J)=DELR(1+J)#GR
DELD(1,+J)=DFLD(1,J)%CC
DO 9% N=1,NT
X{M)=D{(1lsbsM)
Y(M)=D(Ls74M)

NIET=N[T¢1

DO 110 M=1,NT

T(M)=1,0

1G=0

1G=1G+1!

DO 130 I=1,2

CALL CRAUMNB(RN(T))

FGel)

68.,684069

AlXe I2HDESTRUCTION PROPARLILITY CONTOUKRS)

10(E3.s74))

(ClA KK JLNC)s LNC=JL,JU)
6Xs 10(F7.5, 3x})

b

;R:
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RX=AX(IG)I+RN(1)®SIGR®COSA(IG)+RN(2)*SIGD*SINA(IG)
RY=AY{IG)#RN(1)#SIGRESINA(IG)-RN{2)#SIGO®COSA(IG)
Ju=0
140 Jw=Jwel
IF (BR+8BD) 170,170,150
150 CO 160 I=1,2 | &
160 CALL GRNUMB(RN( 1)) :
170 XX=RX¢(RN(1})*BR+DELR(1G+JW))RCOSA(IG)I¢(RN(2)*BD+DELD(IG.IW))®
ISINACIG)
YYZRY4(RN(1)SBR4DELR(IGes JW) )E#SINA(IG)=(RN(2)®BD*DELD(IG.JIW))S8CISA
1(1G)
MT=0
180 MT=MT+]
IF (T(MT)) 300.300,190
190 RSC=(XX-X(MT))#82+(YY=-Y(NT))o82
IF (RSQ-RMAXSQ) 200,200,300
200 R=SQRTF(RSQ)
IF (R~1,0) 290,210,210
210 THETA=ABSF(ACOSDF((X(MT)=XX)/R)-SIGNF(ALPHA(1G) Y{MT)=-YY))
260 IF (THETA-180.,0) 280,280,270
270 THETA=360,0-THLTA
280 IF(MODF(THETAsSe)) 282,281,282
281 K=THETA/S.
GO TO 283 |
282 K=THETA/Setle
283 L=LOGF(R)/LOGF(ATERM)+2.0 .
: K37=37-K !
T(MT)=T(MT)®#(1.0-C({a,K37.L)*REL)
GO TO 300
290 T(MT)=T(MT)*(1,0-REL)
300 IF (MT-NT) 180,310,310 i
310 IF (JwWw=N(IG)) 140,320,320
320 IF (IG-NG) 120,330,330
330 DO 340 N=1,NT
340 Q(MIZQ(M)I4T(M)
IF (NIT-MCI) 100,350,350
350 DO 360 F=1,NT
360 P(M)=1.,0-Q(M)/FLOATF(MCI)

PRINT 370
370 FORMAT (1H!, 12X, 6HTAKGET, 10Xs JHLOCATIONS, 14X, 4HKILL)
PR INT 380
380 FORMAT (13X, 6HNUMRER, 7Xs 1HX, 13Xs 1HY, L1OXes 11HPROBABILITY)
PRINT 59
K=0
DO 410 M=1,NT
K=K+1

PRINT 390, M, X({M), Y(M), P(M)

390 FORMAT (13X, [3¢ 66Xy FOaly BX, Fbely 7Xs F7,3)
IF (K-10) 410,400,400

Q00 PRINT S9
K=0

410 CONTINUE
GO TO0 20

- 420 PRINT 430

430 FORMAT (1H1)
CALL ENCJOB -
END

B-5
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APPENDIX C
GRNUMB SUBROUTINE

i Purpose:

GRNUMB provides a floating point pscudo-random number X The distribution
of successive values of X are Gaussian with a mean of zero and a standard devia-
tionof one.

2 Method:

Consider the set of uniformly distributed pseudo-random rmumbers Yi . GRNUMB

generates a sequence of Yi by the method of congruences:

y, - 2-35(5152353[1_1 . mod 2%5)

over the range 0 < Yi <1 . The variance of this uniform set is

1
cY2 =_[ (Y-1/2)%dY = 1/12 .
o]

If X is the mean of any selection of m of the uniform numbers Y , the Central
Limit Theorem states that the variable X approaches a normal distribution where
m is sufficiently large. A satisfactory value for m is 30. Values of X are
generated as a sequence of xn , where n denotes the nth entry to GRNUMSB.

m 30
) 2V o -1/2. _ -1/2
X_=V1/m~y Z(Yi e Z v,”%
i=1 i=1

where Yo = xn-l , and Xo =2735 | The variance of this normal set is 1.
3. Usage:
X is obtainecd by use of the statement:
CALL GRNUMSB (X)
in a FORTRAN program for the IBM 7090.

4. Coding Information:

See the symbolic listing on the following page. GRNUMB is written in the
7090 FAP language It requires 40 words storage space and 900 microseconds
operating time.




GRNUMB

XX1

NUM
NUMB
MULT
CHAR
MAGIC

H125

C-2

SYMBOLIC LISTING

FAP

REM GRNUMBG. WESTLUND 18 JUNE 1962 (7@99)

REM GAUSSIAN DISTRIBUTED RANDOM NUMBER GCNERATOR.
REM ENTER VIA FORTRAN STATEMENT CALL GRNUMSB (X:

REM SEQUENCE STARTS AT DEC 1. YIELDS X WITII STANC. DLV,

ENTRY GRNUMB
SXA XX1. 1
CLA 1, 4
STA F
AXT 3. 1
STZ NUM
LDQ NUMB
MPY MULT
STQ NUMB
CLA NUMB
SUB CHAR
ARS 4
ADD NUM
STO NUM
TIXC, 1, 1
LDQ NUM
MPY MAGIC
LRS 27
TZE D
LRS 8

CLA H125
ADD H8
LLS 8

ALS 19
TRA E
CLA H125
ALS 27
STO NUM
CLA H125
LLS 27
FAD NUM
STO **
AXT *+, 1
TRA 2, 4
HTR **
DEC 1

DEC 39517578125
TIXD 0. 0
DEC 0. 31622780B@
DEC 8

DEC 125
END

-
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APPENDIX D

ASIN SUBROUTINE

1. Purpose: |
Given the floating point argument X, ASIN provides a floating point number
Y, where
. Y=sin-lX or Y=cos-1X
-1X <1 -1-X=s1
==/ 2 s YA =0 = 2 0<Y<r-
- Depending upon the entry to the subroutine, Y may be found.in radians
or degrees.
2. Mcthod:

A series approximation (Hastings), is used to find the Arc cosine. If the
Arc sine is desired, the arc cosine is subtracted from /2. The result is then
converted from radians to degrees if desired.

Arcsin X = g - JE-X P(X)

_ 2 7
tb(X)—ao+alX+aZX % v o a7X

ao = 1.5707, 9630, 50 a,= .0308, 9188, IQ
a, = .2145, 9880, 16 a5=-.0170, 8812, 56
a, = .0889, 7898, 74 ag = .0G666, 7009, 01
aq = -.0501, 7430, 46 a,= -.0012, 6249, 11
degrees = 57.2957, 7951, 3 radians
3. Usage: |

Y is obtained by use of one of the four expressions below in a FORTRAN
program for the IBM 7090. [

ASINF(X) Arc sine X (radians) |
ACOSF(X) Arc cosine X (radians) |
ASINDF(X) Arc sine X (degrees) |
ACOSDF(X) Arc cosine X (degrees)

4. Coding Information:

See the symbolic listing on page D-2. ASIN is written in the 7090 FAP
language. It requires 51 words storage space and 850 microseconds operating time.

[ o



ASIND
ACOSD

ASIN
ACOS

X4

D-2

SYMBOLIC LISTING

FAP

REM 3-62S ASIN G. WESTLUND 7090
REM ARCSINE-ARCCOSINE SUBROUTINE. ENTRY VIA FORTRAN
REM EXPRESSION ASIN(X) OR ACOS(X) YIELDS RADIANS.
REM ASIND(X) OR ACOSD(X) YIELDS DEGREES.
REM ARCSINE RANGE = -90 to 490, ARCCOSINE RANGE = 0 TO 180.
ENTRY ASIN, ACOS, ASIND, ACOSD
SXDS, 4

SXAS, 4

TRA *+2

SXDS, 4

SXA X4, 4

STO SIGN

SSpP

TZE D

STO X

CLA ONE

FSB X

TZE ¢

CALL SQRT

STOR

AXT 7, 4

LDQ T+7-

FMF X '

FAD T+7, 4

XCA

TIX B, 4, 1

FMP R

FAD PI2

LDQ SIGN

LLSO

LXDS, 4

TXHE, 4, 0

CHS

FAD P12

LXAS, 4

TXL X4, 4, 0

XCA

FMP CONV

AXT **, 4

STZ S

TRA 1, 4

HTR O

HTR **




SIGN
ONE
P12

CONV

SYMBOLIC LISTING (Cont'd)

HTR *¢

DEC 1.

DEC 1.5707963

HTR **

DEC -.0066700901, .0170881256, -.0308918810, .0501743046
DEC -.0889789874, .2145988016, -1.570796305, .0012624911
DEC 57.295779513

END

D-3
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APPENDIX E

DATA SUBROUTINE

{. Introduction:

Many computer programs require the flexibility of varying any or all of the
paramceters in a computer run. Although FORTRAN is fairly flexible in its
arithmetic and control statements, its input-output statements are .juite rigid.

In order to read cards for instance, considerable effort must be expended by the
IFORTRAN programmer in writing his input statements. This subroutine eliminates
some of that tedium. The concept of a "data set” is used. A data set consists of a
scquence of punched cards terminated by one blank cara. A parameter deck for a
¢omputer run may consist of several data sets. Such a parameter deck is terminated

by two blank cards.

2. Paramcter Addresses:

The primary advantage of this subroutine over FORTRAN input statements re-
sults from the use of "parameter addresses.” An address is a relative location in
the computer memory. It is the subscript of an array or matrix. For example, in
an array called X , the parameter value )(53 would be located at address 53 . By

using the parameter addresses, a user of the program need submit only those param-
cter values in a data set that are different from those in the previous set.

Three types of addresses are permitted by this subroutine.

(1) A numeric address consisting of one to five characters, each of which
is a digit 0 - 9. Such an address (n) refers to the nth element in a

specified array.

(2) Analpha address consisting of one to six characters, the first of which
must be alphabetic (A-Z). The remaining mazl be alphabetic or numeric
(A-Z or 0-9). Such an address refers to the n h element in a specified
array (1 <n s 26), where the first character of the address corresponds
to n as the 26 letters of the alphabet correspond to the integers 1-26.

(3) A matrix address consisting of two or more numeric fields separated by
commas. For exalee, the address 53, 47 refers to the element in the
5271 row and the 47th column of a two-dimensional matrix. There is no
lini.: to the number of dimensions in a matrix address.

3. Input Card Format:

A standard submittal form (see attachment) has been designed for the analyst.
This form provides for entering parameter values with their associated addresses.
The user indicates blank cards to scparate data sets. The keypunch operator has
the option of punching one address and value per card, or, if the addresses are
sequential, of punching one address and several values on a card.

E-1
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Only columns 1-72 of a card are used. Each column m' st contain one of the
following: a digit (0-9), a "+" or " - " sign or a dash, a letter (A-Z), a period,
a comma, or a blank. Each punched card must contain one parameter address.
The address may start in column 1. or, if desired, may start in a later column,
provided all columns before it are blank. The address is terminated by at least
onc blank column. Only one address is permitted on the card. Succeecing col-
umns contain one or more parameter values, each separated by one or more
blank columns. A value may be signed or unsigned. The length of the value field
i> vuriablc. No blanks are permitted within a value field. A value may be punched
with or without an exponent. An exponent is recognized by the presence of a plus
or minus sign (or dash) between the fractional part and exponent part of the value.
Decimal points (periods) may be punched in either the fractional or exponent parts
of a valuc. If more than one value is punched on a card, those after the first will
he entered at sequential addresses relative to the address of the first value.

4. Usage:
A data set is read by the use of the statement:

CALL DATA (X, ])

in a FORTRAN program for the IBM 7090, The argument X is the name of an
array in the program. The argument | is an indicator set by the subroutine.
This indicator may be tested by the main program upon return from the sub-
routine, It will have a valueof 0 or t or 2.

(0:  The subroutine has read a data set. The main program will normally
proceed to operate on this data.,

I:  The subroutine has read the second blank card which terminates the
parameter deck. The main prograri will normally terminate at this
point.

2: The subroutine has read a "bad" data card. The main program may
terminate the run, or ignore the card and return to the subroutine to
read the rest of the data set.

If the cards to be read contain matrix addresses, additional arguments must be

included in the FORTRAN calling statement:

CALL DATA (X, Dl’ D2, D3, Dn’ D)

where D, is the ith dimension of the matrix X.

5. Method:

See the attached flow chart. DATA reads parameter values and loading addres-
ses from cards. If sense switch 5 is up, it will read the values and addresses from
tape (unit A2). It converts the values to floating point numbers, and stores them as
elements of an array specified in the calling statement. The elements are specified
by the addresses. If a card (or tape record) is read which contains non-permitted
characters (see input card format above), DATA prints the statement "bad data card, "

followed by an image of the card itself.
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6. Coding Information:

See the symbolic listing included in this appendix. DATA is written in the 7090
FAP language. It must be used in conjunction with the BELL system. It requires
401 words storage space.

gy e o

T BT ) TERN W Y




M

st aies Al bt et e, L St 4 il el o - N

TN e I, O

imwi ..,E@ wmmw mmmu va
BN ALV WV Je—6d)  (vE)e-gr—(c0niEd pe{ cvIITY Jez—(aH5Va VO NOE

d s @ & |
CNaNON LUALOVEVHD XRVTE J—§d) @0~ 930aV}e—cgr—(c0 < sSavaav 7 = NORNANIG p—

=P P 2P 2P

o L00Nud Je-r—(HSva WO RIS+ Yegr—(Lorrannn G LHALOVEVHD ANVTE Je—(2d)

o:@ S3A S3A @
§a< Qu - mmf. Sm_;l.ﬁ HALOVEVHD VIV

P

—Jz=- ...:!.LT..—M- WOLVYIIaNI z::._.m:{ LHALIVEYHD ANV

_mm._..m_u m.mg@

1SS3W00Y WALV SHNVYTE) ISSTROAY AYHEY)
= o= 1304 oM of = 71314
E@

(+ = NIS) I+ = ND13) T
I.Ell U= g4x3 " -

U= ATIVA

(SSTUOAY DNETMNNN)
il = a1dld

CHALOVEVHD DIWANMN Jo—

E-4




P

L el
&
-

e B Y. T Ca el Salade 3 Rk
.

{7 O—Gvadorosizs—@ @f-aai—0O QE@

@—{ss3waav+— nois * © « ss3¥0aV T 01

?
qmu%w{&wruéso ANVIE

mwb@ S3A mm>@ mw;r@

ooﬂ.ﬁ.zmbéiuuzﬁmé 6 =7{_.00Ni 3d Je—{( HSVQ 4O NOIS * M (HALIVEVHD HNININ Jo—

ey

(o qau p——( ¥dovivio uzﬁPY@

E-§




55

_ SSA¥aav.
gxa 01 ¥ 3NTIVA &-l

0= 3mv ax3 Ot ¥ 3NVA - SSa¥AAYy T@ 3 ) Li:i0d+—1+ INIOd Qpe dXB+— | 10y O/ NOIS X U+ dX3 3
: (+ = NOIS) — ssawaav ?I@
@T—sxmol NOIS *  + dX3 ¥ OljF—o d D ot TNIvA I g 0! ¥ 3NTVA = X

€6>—{3x3 sonois Lasp—{c = a0 @f;m:,:; - SSIAAVy L () (@){EnvA 20 Nois Lasp—(m)

oN
AINWVAT= | 110y OF/NOIS ¥ U+ ANTVA (A @—{301VA+—NOIS X ¥ + ANIVA X 0lj—gzz—{( 0 = INIOd ()

E-6




DATA

A2

FAP

SYMBOLIC LISTING

ENTRY DATA

SXA
SXA
SXA
CAL
ADD
STO
AKT
SXA
CAL
ANA
TNZ
Tx1
SXA
X1
SXA
CLA
STA
STA
STA
AXT
sx0D
TSX
P2E
TRA
TRA
STZ
ST
$T2
STZ
AXT
SXA
AXT
TNX
AXT
SXA
LXA
TNX
SXA
LoQ
RQL
PXD
LGL
S$TO
ORA
FAD
ST0
AXT
CLA
CAS
TRA
TRA
TIX

Xlel
X2+2
Xbhob
lebe

CORE
XL0C
1ol

®*4]10]
LA AT

MASK

Ty
LELYS PN
EXIT,1
*4lele-1
felsl
"8, 4

Al

F1lA

112

1.1

*8,]
HHREAD &
CARD
EXIT

BAD
ADORE S
VALUE
ExP
POINT
1,1
FIELD»1
13,1
HHolol
42+2
COLUMN» 2
COLUMN» 2
A2+2+6
COLUMN 2
CARD+12,1
36,2

090

.3

CHARAC
FLOAT
FLOAY
NUMB
42+4
CHARAC
TABLE+42,4
*42

*e3

L 2XTY P

RETURN INDICATOR = |

READ A CARD

ADDRESS = O
VALUE = O
EXP = O
POINT = O
FIELD = 1

COLUMN GT T2

COLUMN = COLUMN+1




Fl
FlA

F2

F2A
F3

Fé

FS5

E-8

TRA
LXA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TXH
SN2
AXT
SXA
TXH
TXH
TXL
AXT
SXA
Txl
SXA
TRA
TXH
TXH
TXH
TxH
TXH
AXT
SXA
AXT
SXA
CLA
T2€
T™M1
ST
TRA
TXH
TXH
TXH
TXH
TXH
TRA
TxH
TXH
TXH
TxH
TXH
TRA
TXH
AXT
SXA
TXH
TXH
TXH
TXH

BAD
FIELDs2
Flele2
F7

Fé

F$

F&

F3

F2
Brurb]
[ 2}

2+2
FIELD»2
Heb03]
Iebr28
BAD»4 2
342
FPELD»2
4] oby-2
ADDRES +&
B

Jerbs gy
Hebo31
Kv&s28
BAD4 42
Ledn]
42
FLELDs2
242
DIMENS2
ADDRES
BAD

BAD
ADDER

8
Jeketl
Bebir3}
Koeks28
Be4r2
Ledsl
BAD
M;“O‘Ol
Ne&23]
Pi4,28
BAD 442
Qré4l

T
Boisb)
6402
FIELDs2
Usdr31l
wehe28
BAD 42
Gl

FIFLD®sT? (EXPONENT FIELD)Y
FIELO®6 (VALUE FlELD)

FIELD=S (BLANKS AFTER ADORESS)
FIELD=4 (ARRAY ADDRESS)

FIELD=s3 (ALPHA ADD9ESS:

FI1ELD=2 (NUMERIC ALDRESS)
FIELDsl (BLANKS BEFORE ADDRESS)
RETURN INDICATOR = O

FIELD = 2

NUMER]C CHARACTER
SIGN OR DASH

ALPHA CHARACTER, FIELD = 3

ADDRESS = NTH ALPHA

BLANK CHARACTER
NUMERI1C CHARACTER
SIGN OR DASH

PERIOD
COMMALFLIELD = 4

DIMENSION = 2
TEST ADDRESS

ADDER=0

BLANK CHARACTER
NUMER]C CHARACTER
SIGN OR DASH
ALPHA CHARACTER
PERIOD

BLANK CHARACTER
NJUMERIC CHARACTER
SIGN OR DASH

PER LD

COMMA

BLANK (HARALUTER
FIELD = &

NUMER[C CHARACTLR
SIGN OR DASIH

PERIUL

o
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TRA

Fé TxH
TxH

TxH

TXH

TXH

TRA

F? TXH
TXH

TxH

TxH

Tl

6 Axt
SXA

Y TRA
H LoQ
MPY

XCA

acL

s10

TRA

! TXH
CLA

SSM

STO

TRA

SXA
TRA

CLA
SSM
ST0
TRA
L AXT
SXA
L1 AXT
SXA
TRA
M AXT
SXA
TRA

MPY
sTQ
TSX
MPY
XCA
ADD
ST0
TRA
P TXH
CLA
SSM

BAD
Xekot]
Uisé 3]
Yeko28
BAL 26442
Golen}
BAD
PEYTYY Y
8BB4y 3}
EEv6,28
BADv& 42
BAD 4]
1s2
POINT 2
8
ADDRES
H1O

CHARAC
ADDRES
8

Bebs30
ADDRES

ADDRE S
B

542
FIELDs2
B
L1+44+30
VALUE

VALUE
L]

1¢2
POINT 2
6492
FIELD,2
B

502
FIELD»2
S

ADDER
H10
ADDER
T1le4
CHARAC

ADDER
ADDER
B

Ry4 030
VALUE

BLANK CHARACTER
NUMERIC CHARACTER
SIGN OR DASH

PERICD

BLANK CHARACTER
NUMERIC CHARACTER
SIGN OR DASH

PERIOD» POINT = )

ADDRESS = 10 X ADDRESS + N

+ SIGN
SET SIGN OF ADDRESS

FIELD = 5

+ SIGN
SET SIGN OF VALUE

POINT = 1
FIELD = &
FIELD = §

ADDER = 10 X ADDER + N Xx PROD

+ SIGN
SET SIGN OF VALUE
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Tl

12

13

T4

$T10
TRA
AXT
SXA
AXT
SX 4
LXA
™1
PXA
sus
N2
TSX
CLA
sus
$T10
TZE
™!
ADD
(30)
CLA
ADD
ST0
TRA
SXA
CLA
ST10
STA
LXA
Tx1
LXA
CAL
ADD
STA
CLA
STA
LDQ
ROL
MPY
51Q
T1xX
AXT
TRA
CLA
TN2
LDQ
FMP
SSP
FAD
LOQ
LLS
STO
TRA
LXA
CLA

VALUVE
..

1¢2
POINT ¢2
602
FIELD,2
EXITe2
04102¢)3
0.2
DIMENS
BAD
Tiek
ADDER
PROD
ADDER
BAD

(.Y )
ADDRES
ADDRE S
DIMENS
H1
DIMENS
F2A
Tarh

Hl

PROD
T3,
DIMENS 2
$4+]429-1
Xbrd

T3

Hl

13

88,4
#e]

[ 1]

18

PROD
PROD
T2¢291
"o,y
144
POINT

v

VALUE
DEC10O

NUMB
VALUE

0

VALUE

<]
POINT &
NUMB

POINT o |} .
FIELD = &
CHECK DIMENSION

ADDER=ADDER~-PROD

CHECK ADDER

PROD = PRODUCT OF DIMENSIONS ]

TEST POINT

VALUE s 10 X VALUE + N

VALUE = VALUE + N/(10%®POINT)

e



cc

S R

F Ok
Kt A
1
(V)

AL
W10
INA
(K1)
(LA
AN ]
<10
1A
tLA
U
“IA
(LA
Y]
THA
Anl
XA
Ixn
LA
M
10
IRA
LA
.OU.,
S1A
(LA
1 DU
CALL
X(CA
P MP
10
Wiz
1HeA
CLA
INZ
LDhQ
F Mp
SsP
FAD
LhQ
LS
S710
YRA
LXA
CLA
FDP
XCA
tix
LDO
LS

T

bt jo

LY Y |
VAL U

u

VAL WY
VAL Ut
(1)
LICYRLY
VAL Ut

VAL UL

"

Lt
AlNE S
e
VALUF

[ 1]

AA

12
FltLD,2
GLrby 30
tap

I xP

(AN

| SRVIY
ADLKE S
/1
DECYO
fxp
tar(l

VAL UF
L]
VAL U
Ft
POINT
L

£ x#
DECIO

NUMY
txp

0

Exp

8
POINT o&
NUMB
nDEC1O0

®-294y)
exp
0

* SIGNM
SEYT SIGN OF VALUE

X LADDRESS) s VALUE

FIFLD = 2

+ SIGN
Sf1 SIGN OF EXpP

X(ADODRESS) = VALUE X 10®®ExP

VALUE s O
TEST POINT

EXP » 10 X EXP ¢ N

EXP s EXP ¢ N/{)JO®SPOINT)

r:

o
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Lo

it

tf

HH

8AD

112
9
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fan
LS K]
CLA
At
STy
ThA
[ Y
Lar
A
A
Ly
CALL
A A
t M
Y
i
Txh
“im
LTa
91
Axl
SxA
CAL
ALl
Sl w
Y12
1RA
L XA
TxL
Txl
Txt
TxH
CLA
Sul
STA
CLA
10
TRA
TXH
CLA
YO, ]
STA
CLA
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